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FATIGUE BEHAVIOR OF AM-350 STAINLESS STEEL 

AND TITANIUM-8Al-lMo-lV SHEET A T  ROOM 

TEMPERATURE, 550'F AND 800° F 

By John J. Peterson  

CHANCE VOUGHT CORPORATION 

A series of fa t igue  tests were conducted on two candidate 
materials fo r  use i n  a Ebch 3 transport type a i r c ra f t .  
materials and t y p i c a l  s t ruc tu ra l  joining procedures were evaluated 
at temperatures t o  800~~. 
t o  determine the  s u i t a b i l i t y  of these materials under the  e f f e c t s  
of vaziable amplitude loading at  elevated temperatures. 

The basic 

Fatigue w s e s  were conducted i n  order 

IIWRODUCTI ON 

The need f o r  designing a i r c r a f t  for  fa t igue is  w e l l  recognized and 
has becone a pa r t  of any new a i r c r a f t  development program. The advent 
of programs such as t he  supersonic transport where high speeds w i l l  be 
sustained f o r  r e l a t ive ly  long periods of time requires  consideration of 
elevated temperatures i n  combination with repeated loading environments. 
This report  presents basic fatigue date on two candidate materials ( T i -  
tanium - 8~1-1m-1~ t r i p l e x  annealed and AM-350 CRT s t a in l e s s  s t e e l )  f o r  
a "IvZach 3" t ransport  a i r c r a f t  and assesses the r e l a t i v e  importance of 
fa t igue loadings at  elevated temperature on a vehicle of t h i s  type. 
This program w a s  sponsored by the National Aeronautics and Space Admin- 
i s t r a t i o n  under Contract NASw-444. The objectives were a s  follows: 

Par t  I - t o  furnish basic fatigue data f o r  Titanium-8Al-lkb-lV 
t r i p l e x  anneded and AM-350 CRT s t a in l e s s  steel 

Pa r t  I1 - t o  analyze the fatigue behavior of these materials under 
the  service conditions of a "IBch 3" t ransport  a i r c r a f t  
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flow rate-cubic feet per hour. 

frequency of occurrence of f l i g h t  load 

ground-air-mound cycle, var ia t ion  i n  load fac tor  
associated with t r ans fe r  of load from landing gear 
t o  wing and back t o  landing gear. 

t e s t  specimen gage length-inches. 

t heo re t i ca l  stress concentration factor .  

a i rplane load f ac to r  

t he  applied number of cycles f o r  a given condition 

the  allowable number of s t r e s s  cycles f o r  a given condition 

r a t i o  of minimum stress t o  maximum s t r e s s  i n  a f a t i p e  cycle 

ultimate t e n s i l e  strength 

y ie ld  t e n s i l e  strength, 0.2-percent of fse t  

s t r e s s  l eve l  a t  take-off design gross weight 

the  algebraic mean of the  maximum and minirilum s t r e s s  i n  
one cycle: Smean = (Smax + smin)/2 

the  highest algebraic value of s t r e s s  i n  the stress cycle 
with t e n s i l e  stresses being posit ive.  

the lowest algebraic value of stress i n  the s t r e s s  cycle 
with t e n s i l e  s t resses  being posit ive.  

PART I 

EUXATED TEMFEEA'J!U€EC FATIGUE TESTING 

Fatigue t e s t s  have been conducted on two candidate materials f o r  
a 'Wch 3" transport .  The t e s t s  were conducted a t  constant mean s t resses  
a t  room temperature, 550'F. and 800'~.  on unnotched and notched sheet 
specimens and fusion welded, spot welded, brazed and bolted specimens. 
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The results of these t e s t s  a r e  presented in the  form of S-N curves and 
Ivbdified Goodman Diagrams. 

Two materials were selected f o r  evaluation on t h i s  program. These 
materials were (1) AM-350 stainless steel ,  cold ro l l ed  and tempered, and 
(2) Ti-8Al-lPb-lV i n  the t r i p l e x  annealed condition. The nominal chemical 
compositions and processing conditions f o r  these materials are as follows: 

AM-350 CRT Stainless  S tee l  

This material  was from Allegheny -Ludlum heat No. 55431 and was 0.050 
inch nominal thickness sheet. 

Chemical Composition 

Element 

Carbon 
Manganese 
Phosphorous 
su l fu r  
Si l icon 
Chromium 
Nickel 
lb lyb de nun 
Nitrogen 
Iron 

Percent 

0.096 
0.750 
0.015 
0.010 
0,270 
16.64 
4.30 
2.79 
0.096 
Balance 

Mechanical Properties Reported by Mill 

STU 
STY 
Elongation 
Hardness 

233,460 Ps i  
183,970 p s i  
13.6 i n  2 in. 
Rockwell C-48 

1. 
2. Cold r o l l  33$ 
3. 

Anneal a t  1950'F. pr ior  t o  CRT 

Tempered i n  hot caustic a t  900°F. t o  950'F. f o r  5 minutes 
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This material  was from Titanium Metals Corporation of America 
Heat no. D 3369. 
thickness of 0.050 inch. 

A l l  material was t r i p l e x  annealed and had a nominal 

Element 

Carbon 
Iron 
Nitrogen 
Aluminum 
Vanadium 
bblybdenun 
Hydrogen 
Titanium 

Chemical Composition 

Percent 

0.023 
0. og 
0.01.3 
7.60 
1.00 
1.10 
0.010-0.014 
Balance 

hkchanical Properties Reported by I f i l l  

Nin mx A% 

STV 142,300 152,600 147,000 
STY 130,300 141,100 133,000 
Elongat ion$ 11 11 13 

Mill History 

1. 

2. 
3. 

Rolling temperature from roughdawn t o  f i n i s h  sheet, approximately 

Sheets resquared and chemically descaled. 
Annealed i n  car-bottom furnace a t  1450°F., 8 hours, slaw cool t o  
below 8W°F., air  cool; reanneal a t  1850°F., 5 minutes, air cool; 
condition and f ina l  anneal a t  1375°F, fo r  15 minutes and air  cool. 
F ina l  f i n i s h  by grind and pickle sequence. 

1 8 0 0 O ~  . 

4. 

SPECIMEN CONFIGURA!I'ION AND PROCESSING 

The specimens used during the  course of t h i s  i n v e s t i s t i o n  were 
fabricated from sheet stock having a nominal thickness of 0.050 inch. 
Ident ical  specimen configurations were used f o r  both materials. 
mens were fabricated t o  evaluate unnotched and notcaed fatigue propert ies  
and t o  evaluate the  e f r ec t s  of fusion and spot velding, brazing and 
mechanical joining. Specimen configurations are presented i n  Figure 1. 

Speci- 
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The fabricat ion processes used inmaking specimen blanks f o r  t h i s  
program are described i n  the following paragraphs. 

Fusion Welding, AM-350 

The welding operations on t h i s  material were accomplished using a 
DC s t r a igh t  po la r i ty  machine welding technique. 
provide shielding both top and bottom. A l l  velds were made t o  MIL-W-%ll 
f o r  f l a t  bu t t  welds. The f i l l e r  wire used f o r  these blanks 1 7 8 s  AM-355 
v i t h  a zoainzl dismeter of 0.035 inch. A l l  welds were radiographically 
inspected f o r  porosity and ground f lush  p r io r  t o  specimen fabrication. 

H e l i u m  gas w a s  used t o  

Fusion ldeldinn. T i - 8 A l - l I b - l V  

These welds were made using t h e  same techniques used f o r  welding the  
AM-350 s t a in l e s s  steel. "he f i l l e r  wire used was Ti-8A1-1Ib-lV with a 
diameter of 0.040 inch. Some dii ' f iculty was encountered i n  developing a 
weld schedule which would produce a sat isfactory weldment i n  t h i s  mater- 
i a l ,  
per minute, which are normally used for welding titanium, were used. 
porosity s i z e  and frequency were kept within acceptable l i m i t s  by a re- 
duction i n  torch t r a v e l  speed t o  6 inches per minute. 
t i o n  revealed tha t  t h i s  d i f f i cu l ty  was caused by the  use of welding wire 
which was high i n  oxygen content, but s t i l l  within the  acceptable 
chemistry range f o r  t h i s  material. 

Excess porosity resul ted when torch travel speeds of 13 t o  17 inches 
%e 

Subszquent inspec- 

Spot Welding, AM-350 and Ti-8Al- IM-lV 

The specimens for use i n  this program did not require s t ruc tu ra l  
spotwelds. However, a l l  spotwelds were made i n  accordance wi th  
m-1{-6858(~) Class llA1l. 
three phase dekatron controlled welding machine. 
were vapor degreased and solvent cleaned p r io r  t o  welding and the  
t i tanium specimens were vapor degreased, pickled and solvent cleaned. 

Specimens were welded on a Sciaky 200KVA 
The AM-350 specimens 

Brazing, AM-350 

The lap  jo in t  braze blanks required f o r  specimen fabricat ion on 
t h i s  program were brazed using e lec t r ic  blanket brazing equipment. 

The pa r t s  t o  be brazed were chemically cleaned t o  assure surfaces 
su i tab le  f o r  brazing. 
up f o r  brazing using a copper-manganese-nickel brazing f o i l  and then 
sealed i n  a stainless s t e e l  r e t o r t  containing reference planes t o  in- 
sure f l a tnes s  of the finished part .  The r e t o r t  containing the  panels 

Subsequent t o  cleaning, the  pa r t s  were l a i d  
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and t h e i r  tool ing was atmospherically controlled with a flowing system 
during the en t i r e  brazing cycle. 
through the  r e t o r t  a t  a rate of approximately 25 cf'h under a p a r t i a l  
vacuum of 10 finches of Hg. This system makes it possible t o  control, 
t o  v e r y  close l i m i t s ,  the  presence of moisture and other  contaminants 
i n  the brazing envelope which would otherwise be detrimental t o  the 
braze. 

High pur i ty  argon gas w a s  passed 

The brazing temperature for  t h i s  material i s  above the  annealing 
temperature, therefore, a re-heat, treat cycle w a s  combined with the  
brazing operation i n  order t o  bring the material t o  the  SCT condition. 
The braze and re-heat treatment cycle used was as follows: 

1. 
2. 

Braze i n  argon a t  1740125'F. f o r  10 minutes. 
A f t e r  cooling t o  room temperature, cold s t a b i l i z e  a t  -80 t o  
-100°F. f o r  2 hours, then age a t  850'~. f o r  1 t o  2 hours. 

Samples of the  AM-350 CRT material which were placed i n  the r e t o r t  
along with the  details t o  be brazed were tested a t  room temperature 
and showed an average ultimate strength of 207,000 psi, Ref. Table 
I. Because of these heat-treat  requirements, a l l  brazed AM-350 speci- 
mens were tested i n  the  SCT condition ra ther  than the  CRT condition. 

A l l  brazed details were radiographically inspected p r io r  t o  
final machining and were found t o  be essent ia l ly  void-free. 

Brazing, Ti-8~1-1m -1V 

It was intended t h a t  t he  basic approach used i n  fabr icat ing the 
AM-350 brazed panels would be used i n  brazing the  titanium blanks, 
however the  d i f f i c u l t i e s  normally associated with brazing t i tanium 
alloys made it desirable t o  conduct a l imi t ed  invest igat ion t o  se l ec t  
a brazing a l loy  which would be sa t i s fac tory  f o r  use w i t h  t h i s  material. 
A l i t e r a tu re  survey indicated t h a t  t he  choice of brazing al loys i s  
limited since titanium w i l l  combine w i t h  the  consti tuents found i n  many 
of the common brazing al loys forming b r i t t l e  intermetal l ic  compounds. 
Silver and cer ta in  s i l v e r  base al loys were the most a t t r a c t i v e  brazing 
inaterials available. 

The basic brazing materials considered were the silver-lithium, 
silver-aluminum, and silver-copper alloys.  All of these have been 
found t o  produce usable brazed joints ,  b u t  each a l loy  has ce r t a in  
inherent disadvantages associated with i t s  use. I n  the case of t he  
l i t h ium bearing al loys the  resu l tan t  jo in ts  have generally poor 
resistance t o  both oxidation and corrosion. The aluminum and cogper 
bearing al loys exhibi t  a pronounced tendency t m d  the  formation of 
brittle interfaces  i n  the  joint .  Since some earlier work i n  titanium 
brazing had been done at Chance Vought using the silvep-lithium and 
silver-aluminum alloys, it w a s  decided t o  use these a l loys  f o r  fur ther  
t r i a l s .  

r 
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Laboratory sized joint  samples were brazed using the fo l l a r ing  
brazing materials: 

1. 
2. 

95$ Ag-5qdAl - brazing temperature = 1600 t o  1650°F. 
97% Ag-SLi - brazing temperature = 1450°F. 

The best  reproducibi l i ty  w a s  obtained using the  silver-aluminum a l loy  
and fur ther  efforts were directed toward the  use of t h i s  material. 

The t i tanium panels were hand cleaned p r io r  t o  brazing using s i l i con  
carbide abrasive cloth and lkthyl-Ethyl-Ketone solvent, 
the  pa r t s  were sealed i n  t h e i r  r e t o r t s  and put through t h e  braze cycle. 
A s  with the  AM-350 panels, high pu r i ty  argon gas was fluwed through the  
re+.ort mder a p a r t i a l  vacuum. 

After cleaning, 

The first panels #ere subjected t o  a brazing temperature of l6OO'?F. 
Upon opening the  r e to r t  it was observed that the braze 

It w a s  concluded that the brazing temperature was too low and/or 

f o r  10 minutes. 
a l loy  did not %et1' the titanium suf f ic ien t ly  t o  create  the  desired 
bond. 
the  d e t a i l s  were not adequately cleaned. 

For the  second tr ial ,  the  panels were subjected t o  a more s t r ingent  
cleaning process i n  which a nominal 0.0005 inch of material w a s  removed 
i n  order t o  more completely remove the  surface oxides. The brazing 
temperature wes also increased t o  1650'17. I n i t i a l  inspection, both 
visual  and radiographic, indicated that the  braze w a s  sat isfactory.  
During fabr ica t ion  of test specimens from these panels it w a s  noted 
t h a t  i n  nany areas the  braze 178s not suf f ic ien t ly  strong t o  hold the  
p a r t s  together when subjected t o  mild bending forces. Those coupons 
which appeared t o  be w e l l  brazed were prepared fo r  s t a t i c  tes t ing.  

The determination of a process which w i l l  give consis tent ly  good 
brazed jo in t s  i n  the Ti-8Al-U@-1V a l l o y  w i l l  require  addi t ional  e f f o r t  
and is  beyond the  scope of t h i s  p r o g m .  

TEST EQUIPMENT AmD €'ROCEMIRES 

T e s t  Equipment 

A l l  fa t igue  t e s t i n g  on t h i s  program w a s  conducted on two standard 
Sonntag SF-lCKJ a x i a l  loading fatigue machines operating a t  a cyclic 
rate of 1800 cpm. 

and 25,000 p s i  i n  the  AM-350 and 8Al-lW-lV a l loys  respectively,  
order to provide support fo r  t he  specimen under the  compressive loads 
which occur when t e s t i n g  t o  h i @  maximum stress levels, a spec ia l  test  
f ix tu re  was required. 

The tests w e r e  conducted a t  constant mean stress leve ls  of 40,000 
I n  

This f ix ture ,  based on design information 
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furnished by the Langley Research Center, provided the necessary 
specimen support and i n  addition served as a furnace for heating the 
specimen during elevated temperature t e s t ing .  

This fixture i s  composed of three  basic components as follows3 (1) 
a support for  the speciinen test section, (2) a heat source and ( 3 )  a 
framework for  supporting the f ix tu re  i n  the t e s t  machine. 
support was provided by two graphite blocks which were i n  contact w i t h  
the  surface of the test specimen over i t s  en t i r e  length. 
powder was used as a lubricant on the  surface of the block. 
standard Hevi-Duty 750 w a t t  res is tance heeting elements were used f o r  
a heat source. These heaters were i n  contact w i t h  t he  outer’surfaces  
of the graphite support blocks. 
ments was furnished by a lJheelco saturable core reactor  and control ler  
normally used i n  conjunction with a muffel furnace. A control thermo- 
couple was buried i n  one of the graphite support blocks t o  supply the  
necessary signals t o  the controller.  

Specimen 

Molydisulfide 
Two 

The input power t o  the  heating ele- 

The test  temperatures were maintained over the  specimen’s three 
inch gage length t o  an accuracy of 23°F. 

Figure 2 presents a sketch of the  tes t  fixture showing the  per t inent  
de t a i l s  and Figures 3 and 4 are photosaphs showing the  component pa r t s  
of the fixture and the  manner of i n s t a l l a t i o n  i n  the test  machine. 

S ta t ic  Testing 

Basic mechanical properties of each of the program materials were 
determined a t  each of the  t e s t  temperatures (RT., 550”F. and 800”F.) 
using standard sheet t e n s i l e  specimens made i n  accordance with Figure 1 
and tes ted  i n  a Rhiele universal  t e s t i n g  machine. Autographic load vs. 
deflection curves were obtained. 

The basic s t a t i c  strengths of a l l  of t he  fa t igue  specimen types 
were obtained i n  a similar manner. Wherever feasible ,  load def lect ion 
curves were obtained. 

Fatigue Testing 

After i n s t a l l a t ion  of the  test specimen i n  the  fat igue machine a 
smal l  pre-load was applied, i n  order t o  compensate f o r  t he  slight 
curvature which was present i n  most of t he  specimens, and the  graphite 
block-Leater assembly was tightened against  both s ides  of the  specimen 
w i t h  a pre-determined torque on the  set screws. 
ature t e s t i n g  the  e n t i r e  assembly w a s  then wrapped i n  an insulat ing 

For elevated temper- 
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blanket t o  minimize heat losses  and the furance was turned on. 
reaching temperature, t he  specimen was al lared t o  soak f o r  30 minutes 
t o  assure uniformity of temperature at which time t h e  fatigue machine 
w a s  turned on. For those t e s t s  i n  which the expected l i fe  was short ,  
a stop watch was used as an auxi l ia ry  mans of determining cycles t o  
fa i lure .  

Upon 

I n  order t o  insure t h a t  a l l  tests were conducted under iden t i ca l  
conditions, graphite blocks were used for room temperature tests and 
f o r  those tests i n  which the  minimum load d i d  not go below zero. 

RESULTS AND DISCUSSION 

The results of a l l  mechanical property tests and s t a t i c  tests 
conducted on fat igue specimens are presented i n  tabular  form i n  
Tables I and 11. 

Fatigue test r e s u l t s  on a l l  specimen configurations are given 
i n  Tables 1II . through XV and are  shown i n  the  form of S-N curves i n  
Figures 5 through 17. 

The mean s t r e s s  l eve l s  selected for t h i s  invest igat ion w e r e  40,000 
ar,d 25,000 p s i  respectively fo r  t h e  JIG350 stainless and Ti-8Al-lbb-lV 
a l loys  with the  exception of the  AM-350 specimens containing transverse 
welds. 
ul t imate  s t rength by a s ignif icant  amount, the  mean s t r e s s  l e v e l  f o r  
these specimens was reduced by an amount which was proportional t o  the  
lo s s  i n  strength, thus g iv ing  fa t igue  data which is  consistent with 
the  operation of t he  parent metal a t  the higher stress level.  
adjusted stress level used f o r  these t e s t s  w a s  27,000 psi .  

Since the  ac t  of fusion welding t h i s  mterial reduced t h e  

The 

It should be noted that the resu l t s  of the  tests of ce r t a in  jo in t  
configurations do not completely define the  fa t igue  behavior of the  
general c l a s s  of j o in t  tested, but rather a spec i f ic  j o in t  w i t h i n  the  
class.  
joints .  

These include the  spotwelded, brazed and mechanically fastened 

The spotwelded specimens used f o r  this invest igat ion contained 
spotwelds of a non-load carrying nature and as such were representa- 
tive of t h e  best  behavior which might be expected of a jo in t  contain- 
ing  spottrelds. 

* 

The brazed specimen was designed t o  produce s t a t i c  f a i l u r e  i n  the  
parent metal. The overa l l  fa t igue behavior of a jo in t  of t h i s  type 
could be considerably changed by a l te ra t ions  t o  the joint  l ap  length 
which would ult imately p rec ip i t a t e  a fa i lure  i n  the  braze material. 
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I n  any mechanically fastened joint ,  the  fa t igue chmac te r i s t i c s  
are g e a t l y  influenced by the  bearing stresses present i n  the  joint ,  
assuming t h a t  the  net tension stress i s  held. constant, and i n  general 
show considerable iqrovenaent f o r  a reduction i n  bearing s t resses .  

On the  basis of t he  test  r e s u l t s  reported herein it would appear 
tha t  with but one exception the  Ti-8Al-U!b-lV a l loy  i s  equal t o  or  
bet ter  i n  performance than the  AM-350 material when compared on EL 
fatigue-weight basis. 
favorable i s  i n  the  fusion weld performance and it i s  l i k e l y  t h a t  the  
use of higher gade welding wire would go far t o  improve th i s .  
resu l t s  of these tests indicate t h a t  only a nominal reduction i n  
fatighe l i fe  r e su l t s  from short  t i m e  exposures a t  temperatures up t o  
800°F. when compared on the  basis of smax/?LTJ. 

The one area where the  titanium appears l e a s t  

The 
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PART I1 

FATIGUE ANALYSIS FOR "IVIACH 3" "?SPaRT 

A fa t igue analysis i s  conducted based on a "mch 3" t ransport  
environment using materials su i tab le  f o r  use on this  airframe. 
analysis  includes the e f f ec t s  of notches, welds, brazed jo in t s  and 
mechanical jo in ts  based on the  tes t  r e s u l t s  obtained i n  Par t  I. 
r e s u l t s  are presented as p lo t s  of l i fe  i n  hours versus 1g stress 
l e v e l  at take-off weight. 

The 

The 

For t h e  purpose of t h i s  study, the airframe and mission are those 
presented i n  reference (1). 

mch 3 cruise  
400,000 pound take-off gross w e i g h t  
100 t o  150 passengers 
3500 naut ica l  mile range 
30,000 t o  50,000 hour service l i f e  

Mission prof i le :  

C l i m b  t o  65,000 feet i n  15 minutes average ( t r ans i t i on  t o  super- 
sonic f l i g h t  a t  35,000 t o  40,000 feet) .  
Cruise a t  Mach 3 at  a l t i t udes  up to 75,000 feet  f o r  52 minutes 
average. 
Letdown i n  23 minutes average. 

The f l i gh t  prof i le ,  including assumed weight var ia t ion,  i s  shown i n  
Figure 18. 

wing leading edge temperatures i n  excess of 600OF. are expected 
during a t y p i c a l  flightd 
have temperatures less than 550°F. 
used i n  th i s  analysis. 

However, the main s t r u c t u r a l  members w i l l  
A 550°F. s t ruc ture  temperature i s  

Loading Spectrum 

Reference (1) develops loading spectra f o r  various aspects of the 
flight prof i le ,  

Ground-air-ground loadings 
C l i m b  -out 
Cruise  
Let  -down 

and includes e f f ec t s  of maneuver and gust conditions. 
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Tables XVI and XVII show the frequency of occurrence of loads vhich 
"he loads i n  these tables a re  expected during the  l i f e  of t he  a i r c r a f t .  

a re  given as instantaneous load fac tors  and must be converted. t o  ctresses 
f o r  the purpose of analysis. 

The proposed vehicle i s  assumed t o  carry a f u e l  load which i s  equal 
t o  approximately 5% of i t s  gross take-off weight. 
instantaneous gross weight of the  vehicle a t  any time during the  mission 
w i l l  be considerably less than a t  take-off, with an attendant reduction 
i n  t h e  overa l l  s t r e s s  levels.  For t h i s  study, the  lg stress leve ls  during 
climb, cruise  and descent are conservatively assumed t o  be equal t o  100, 
85 and 60 percent of t h e  take-off lg stress l e v e l  respectively. 
are the instantaneous weight values a t  the  beginning of each phase of 
t he  f l igh t .  

Consequedly, t he  

These 

I n  order t o  compensate f o r  t he  f a c t  tha% the  wing sk in  temperatures 
w i l l  vary during climb and descent as a function of bbch number and 
al t i tude,  it was assumed t h a t  one half  of the  loads experienced during 
climb and descent would be applied a t  room temperature and the  other 
half  a t  550°F. 

The f inal  spectrum used f o r  analysis purposes i s  shown i n  Table 
XVIII. This spectrum as shown i s representa t ive  of 500 flights (750 
f l i gh t  hours). 
t o  equivalent take-off gross weight values f o r  convenience i n  con- 
verting t o  stress levels.  

A l l  load fac tors  shown i n  t h i s  t ab le  have been reduced 

Fatigue Analysis 

Fatigue analyses were conducted using the  l i n e a r  cumulative damage 
theory, the spectra of reference (1) as presented i n  Table XVIII, a 
m a x i m u m  temperature of 550"F., and the  fat igue tes t  r e su l t s  as reported 
i n  Part I of t h i s  report .  
Ti-8Al-Ub-1V f o r  notched sheet, transverse and longitudinal but t  welds, 
non-load carrying spotwelds, brazed l ap  joints ,  and a mechanical joint .  
A sample cunulative damage calculat ion is  included as Table XIX. 

Analyses were conducted on the AM-350 and 

In  order t o  assess the  r e l a t i v e  e f f ec t  on overa l l  fa t igue  l i f e  
which is  associated with a change i n  lg design stress level ,  these 
calculations were repeated over e. wide range of design stress levels.  
The resu l t s  of these analyses are given i n  Figure 33 which shows the  
anticipated fat igue l i fe  i n  hours vs. net  lg take-off design stress 
levels . 

A l l  fa t igue tests were conducted a t  constant mean stress leve ls  of 
40,000 p s i  and 25,OOO p s i  f o r  the  AM-350 and Ti-@l-lbb-lV respectively. 
This fatigue analysis required the use of addi t ional  mean stress levels ,  
The modified Goodman diagrams of Figures 20through 32 were developed 
f o r  purposes of extrapolation of data. 
var ia t ion between the base-line data  points  and those required f o r  

A check w a s  made t o  f ind  the  

12 



analysis. A typ ica l  r e s u l t  of t h i s  check i s  shown i n  Figure 19. It i s  
seen t h a t  the  var ia t ion i s  s m a l l  fo r  the 40,000 p s i  16 take-off weight 
s t r e s s  l eve l  and the extrapolation is  valid. A t  higher s t r e s s  levels,  
the  var ia t ion obviously increases. However, the method of construction 
of the Modified Goodman D i a g r a m  should resu l t  i n  conservative estimates 
of l i f e  . 
Discussion 

The accuracy of the  ana ly t ica l  prediction of the  fat igue l i f e  of 
complex s t ructures  is dependent on the  a b i l i t y  of the  design engineer 
t o  predict  accurately the  l o c a l  s t resses  which ex i s t  i n  the v i c in i ty  
of c r i t i c a l  areas i n  the structure,  and t o  combine these l o c a l  s t resses  
with material fat igue allowables through the use of an appropriate 
cumulative damage theory. 

The analyses of t h i s  report  are  predicated on a proper assessment 
of stress conditions, and as such have the i r  l imitat ions regarding the  
f u l l  scale vehicle. 
port  provides reasonable base-litle data fo r  conducting the  fa t igue  
analysis. The Linear Damage approach i s  probably conservative 
and i s  adequate f o r  making a first order approximation of airframe l i f e .  

The fatigue data generated i n  Par t  I of t h i s  re- 

The r e s u l t s  of the  analyses serve to  point out the r e l a t ive  merits 
of the two materials considered and of the joining techniques employed. 
The analyses also provide 
cul ty  of coping with fatigue i n  the  design of the "?.hch 3" transport .  

a l eve l  of confidence concerning the  d i f f i -  

It i s  seen from the curves of Figure 33 t h a t  the lg stress leve ls  
of 40,000 p s i  and 25,OOO p s i  used fo r  t h e  AM-350 and Ti -8Al - l I . b - lV  
respectively during the  Part  I t e s t ing  are r e a l i s t i c  values based on 
fat igue considerations and t h a t  higher l g  stress leve ls  may be 
pract ical .  
f o r  s t rength and s t i f fnes s  requirements, the weight penalty f o r  fa t igue 
considerations w i l l  be small. 

On t h i s  basis  it appears that  i f  the airframe is designed 



CONCLUSIONS 

1. AM-350 Stainless  S tee l  and 8~1-1m-1v titanium demonstrated only  
a nominal reduction i n  l i f e  a t  550'F. and 800"~. under r e l a t ive ly  
short  time qxposures when compared on an Smax/ TU basis. 

2. On a fatigue-weight comparison basis, t he  8~1-1m-1~ titanium has 
a def in i te  advantage over the AM-350 Stainless  Steel. 

3. AM-350 Stainless  S tee l  and T i - 8 A l - l P b - l V  should be sui table  f o r  
use on the "Mxh 3" transport  from the  fatigue standpoint. Reason- 
able lg s t r e s s  levels  can be maintained. Therefore the  w e i g h t  
associated with fat igue w i l l  be a smll increment over and above 
a design based on strength and s t i f fness .  
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7ontrol 
Control 
Control 
Control 
Control 
Control 
Control 
T. Veld 
To Weld 
T. Weld 
To Weld 
T. Veld 
T. Weld 
L. IbJeld 
L . Veld 
L. Weld 
L. IJeld 
L. Weld 
L. Weld 
S, Weld 
S, Weld 
S . breld 
S. Weld 
S. Weld 
S. Weld 
Brazed 
Brazed 
Brazed 
Brazed 
Brazed 
Brazed 
Bolted 
Bolted 
Bolted 
Bolted 
Bolted 
Bolted 

Remarks: 

Spec . 
No. 

A-1 
A-2 
A-3 
A-4 
A-5 
A4-34 
A4-35 
A l - 1  
A1-2 
A1-10 
A 1 C L  
Al-12 
~1-13  
A2-1 
A2-2 
~ 2 - 3  
A2-4 
A2-5 
~ 2 - 6  
~ 3 - 1  
~ 3 - 2  
A3-3 
A3-4 
A3-5 
A3-6 
Ab-1 
Ab-2 
A4-3 
Ab-4 
Ah-5 
~ 4 - 6  
~ 5 - 1  
AS-2 
A5-3 
A5-4 
A5-5 
~ 5 - 6  

TABLE I 

RESULTS Ql? STATIC! TESTS ON AM-350 

Test 
Temp 
OF 

30 
80 

550 
550 
800 
30 
80 
80 
80 

550 
550 
800 
So0 
80 
80 

550 
550 
800 
800 
80 
80 

550 
550 
800 
800 
80 
80 

550 
550 
800 
800 
80 
a0 

550 
550 
800 
800 

%u 
ksi 

225.0 
221.0 
202.0 
200.3 
181 . 9 
207.0 
206.9 
161.2 
152.1 
87.4 
87.3 
83.3 
59.8 

203.3 
201.1 
170.3 
172 . 9 
158.8 
161.7 
220.0 
217.0 
162.0 
160.5 
157.6 
155.9 
203.5 
206.1 
186.8 
186.1 
179.5 
187.9 
127.7 
126 . 1 
118.5 
115 . 6 
118.7 
118.8 

STY 

l r s i  

217. C 
214.0 
193.5 
186.3 
168.4 
176 . 5 
178.7 
84.5 
80.0 

193.1 
192.6 

1-72 e 0 
171.0 

~ 

Elong 

$ 

18.3 
18.8 

4.1 
4.7 
5.2 
9.6 
9.2 
2 .-6 
2.6 
3.0 
3.0 
4.0 
3.5 

20.7 
18.0 
3.7 
4.3 
6.0 
7.0 
12.0 
3.3 
2.3 
1.7 
2.0 
1.3 

G.L. 

i n  

2.0 
2.0 
2. ci 
2.0 
2.c 
2.0 
2.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3. c 
3.0 
3. 0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

- 

3.0 

R e m a r k s  

(1) 
(2) 
(3) Failed i n  parent metal 
(4) Failed by shearing bol t  

Failed outside middle t h i r d  of gage length 
To check re-heat treat i n  brazing cycle 



Spec. 
T Y P  

Control 
Control 
Control 
Control 
Control 
Control 
T. Weld 
T. Veld 
T. Weld 
T. Weld 
T. Weld 
T. IaJeld 
L. Weld 
L. Weld 
L. Weld 
L. Weld 
L. Weld 
L. Veld 
S. Weld 
S. Weld 
S. Weld 
S .  Weld 
S. Weld 
S. Weld 
Brazed 
Brazed 
Brazed 
Brazed 
Brazed 
Brazed 
Bolted 
Bolted 
Bolted 
Bolted 
Bolted 
Bolted 

Spec . 
No . 

T-1 
T-2 
T-3 
T-1F 
T-5 
T-6 
~ 1 - 1 3  
~ 1 - 3 2  

TI.-3 

T1-1 
T1-2 

T1-4 
T2-1 
E - 2  
T2-3 
T2-4 
T2-5 
W-6 
~ 3 - 1  
T3-2 
T3-3 
T3-4 
T3-5 
T3-6 
T4-1 
T4-2 
T4-3 
T4-4 
T4-5 
~ 4 - 6  
T5-1 
T5-2 

T5-4 

T5 -6 

T5-3 

T5-5 

TABU I1 

RESULTS OF STATIC TESTS ON T i -8AL- lbb- lV  

Test 
Temp 
OF 

80 
80 

550 
550 
800 
800 
80 
80 

550 
5 50 
300 
800 
80 
30 

550 
5 50 
300 
800 
80 
80 

550 
550 
800 
800 
80 
80 

550 
550 
800 
800 
80 
80 

550 
550 
800 
800 

STU 

ks i 

154 . 3 
153.6 
123.5 
125 09 
117 . 1 
116 . 7 
145 . 1 
145.6 
119.0 
113 . 3 
107.1 
105 . 0 
133.5 
148.5 
112.1 
119 . 0 
112 . 6 
107.7 
152 . 0 
154 . 0 
124.1 
124.5 
u2.6 
113.0 
-3.9 
127.5 

78.5 
97b3 
84.8 
71.0 
105.6 
110.6 
88.4 
90.6 
88.8 
84.1 

STY 

k s i  

141.6 
141.5 
100.6 
101.0 
95.5 
95.4 

129.8 
133.1 
97.2 
89.3 

70.9 
130.4 
138.7 
93.3 

102.1 
93.0 
85.5 

139.0 
142 . 0 

10.1 
11.1 
9.8 
8.7 
7.4 
9.3 

u . 6  
5.1 
7.5 

10.5 
6.2 
9.8 
6.2 
6.2 

25.6 
16.0 
9.2 
8.3 

13.- 0 
13.0 
10.0 
10.0 
7.5 
7.0 

G.L. 

in 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2 00 
2.0 
2.0 
2.0 
2.0 
2 00 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.c 
2.c 
2.c 
2.c 
2.c 

Remarks 

(1) 
(2) 
(3) 
(4) 

Curve not useful  f o r  yield s t ress  determination 
Fai led outside middle t h i r d  of gage length 
Fai led i n  parent metal (tension failure) 
Fai led i n  braze material (shear failure) 

( 5 )  section faii-we by t e a i n g  



TABU I11 

RESULTS CF FATIGUE TE=STS OPJ AM-350 CRT 
UNNCTCHED, K t  = 1.0: %can = 40 ksi 

Spec. 
No. 

AU-1 
AU-2 
AU-3 
AU-4 
AU-5 
AU-6 
AU-7 
Au-8 
AU-9 
AU-10 
AU-11 
AU-12 
AU-13 
Au-14 
AU-15 

AU-18 
AU-19 
AU-20 
AU-21 
AU-22 
AU-23 
AU-24 

AU-16 

Remarks: 

T e s t  
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

smax 

ks i 

140.0 
120.0 
EO. 0 
12000 
loo. 0 
140.0 
120.0 
140.0 
110.0 
loo. 0 
120.0 
120.0 
120.0 
140.0 
140.0 
110.0 
110.0 
120.0 
100.0 
120.0 
140.0 
140.0 
110.0 

(1) No f a i l u r e  

18 

Cycles 
N 

xlo3 

Remarks 



Spec. 
No . 

AN-1 
AN-2 
AT-3 
AN-4 
AN-5 
APT4 
AN-7 
AN-8 
AN-9 
AN-10 
AN-l l  
AN-12 

AN-14 
AN-13 

AN-15 
AN-16 
AN-17 
AN-18 
AN-19 
AN-20 
AN-21 
AN-22 

AN-24 
AN-23 

RZ3JLTS CF FATIGUE !i!ESTS OR AM-350 CF?J! 
NOTCHED, = 2.5: h e a n  = 40 ksi (1) 

Test 
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

Remarks: 

srna.x (1) 

ks i 

100.0 
70.0 
56.5 
60.0 
120.0 
100.0 
80.0 
70.0 
80.0 
62.5 

60.0 
80.0 

80.0 
70.0 

100.0 
100. 0 
80.0 
80. o 

100.0 
70.0 

100.0 
120.0 

70.0 

7Qe0 

Cycles 
N 

X l 8  

25 .O 
125.0 
178.0 

2,400.0 
8.0 

36.0 
3,431.0 

135 0 

337 0 

4,934.0 

1,368 . 0 

42.0 

26.0 
10,785 . 0 

219.0 
5,000.0 

4.0 
7.0 

14.0 
11.0 

5.5 
9,318 0 

5.0 
8.5 

Remarks 

(1) N e t  section stress 
(2) No failure 
(3)  Failed away from notch 
(4) Failed i n  grips 
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TABLE V 

RESULTS CIF FATIGUE TESTS 01; AbI-350 CRT 
T T U N m a  BUTP 'c.JELDS: 'mean = 27 k s i  (1) 

Spec. 
No 0 

~ 1 - 3  

~ 1 - 6  
~1-8 

~ 1 - 2 7  
~1-15 
~ 1 - 1 6  
~ 1 - 1 7  

~ 1 - 1 9  

AI-4 
A1-5 

Al-9 
A1-14 

A1-18 

A1-20 
Al-21 
A1-22 

A1-24 
~ 1 - 2 3  

~ 1 - 2 5  
~ 1 - 2 6  
~1-28 
~ 1 - 2 9  
A1-30 

Remarks: 

Test 
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

S m a x  

ks i 

80.0 
80.0 
80. o 
80.0 
73.0 
73.0 
95.0 
67.0 
81.0 
81.0 
67.5 
60.8 
67.5 
60.8 
74.2 
81.0 
74.2 
67.5 
81 ..o 
74 -2 
81.0 
74.2 
67.5 

Cycles 
ra 

x 1 e  

34.0 
40.0 

121.0 
96.0 

264.0 
176 . 0 

7.0 
2,493.0 

3.0 

64. o 
4,443 . 0 

179 0 
542.0 
10.0 
4.0 

27.0 

3.0 

231.0 
5.0 
17.0 

5.0 
17.0 

242 . 0 

(1) 
(2) No failure 
(3) Failed i n  grips 

Mean stress adjusted t o  alldw for weld s t rength reduction 



IIESaTS (3' FATIGUE? TESTS OU AM-350 CRY 
LONGITUDINAL BUTT WELDS: Smean = 40 k s i  

Spec . 
No . 
A2-7 
A 2 8  
A2-p 
A2-10 
A2-11 
A2-12 
A2-14 
A2-15 
~2-18 
~2-13  
~2-16 
~2-17 
A2-19 
A2-20 
A2-21 
A2-22 
~ 2 - 2 5  
112-26 
~ 2 - 2 7  
~ 2 - 2 8  
~ 2 - 2 9  

~2-32 
A2-30 

Remarks: 

T e s t  
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 
30 

550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 
800 

k s i  

80. o 
100.0 
80.0 

loo. 0 
10000 
80.0 
loo. 0 
1200 0 
140.0 
80.0 
120.0 
loo. 0 
100.0 
120.0 
100.0 
go. 0 

1200 0 
loo. 0 
10000 
12000 
1200 0 
80.0 

80.0 

Cycles 
N 

xlo3 

685.0 
65.0 

401 . 0 
153.0 
640.0 

7,357 00 
1,601.0 

68.0 

6,460.0 
5.0 
23.0 
32.0 
8.0 

46.0 
167.0 

3,210.0 
3.0 

49.0 
34.0 
7.0 

5.0 

6.0 
1,58700 

(1) Failed in grips 
(2) 110 failure 
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TABLE VI1 

RESULTS OF FATIGUE TESTS m r  AI-350 rn 
NON-LOAD CARRYING SpoTI4EELDS: Srnean = 40 B s i  

Spec . 
NO 

A3-7 
~ 3 - 8  
A3-9 
~ 3 - 1 0  
~3-11 
A3-12 
A3-13 
A3-14 
~ 3 - 1 5  
A3-30 
~3-16  
A347 
~ 3 - 1 8  
A3019 
~ 3 - 2 0  
~ 3 - 2 1  
~3-22  
A3-23 
A3-24 
A 3 4 5  
113-26 
A3-27 
~ 3 - 2 8  
A349 

RerJarlrs : 

Test 
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 

smax 

ks i  

loo. 0 
80.0 
80.0 

100.0 
120.0 
70.0 
80.0 
70.0 

100.0 
60.0 
80.0 

100.0 
60. o 
80.0 

100.0 
70.0 
70.0 
80.0 

loo. 0 
80.0 
70.0 
70.0 
loo. 0 
60.0 

Cycles 
N 
xl@ 

20.0 
60.0 

139 0 
84.0 
5.0 

2ll .  0 
121.0 
184.0 
26.0 

6,006.0 
18.0 

9 , 116 . 0 

9.0 
63.0 
96.0 
16.0 
6.0 

7.0 

25.0 

14.0 
30.0 
29.0 

4.5 
5 3 034.0 

Remarks 

(1) No failure 



TABU VI11 

Spec . 
No. 

A4-7 
A4-8 
A4-9 
Ab-20 
Ah-21 
Ab-12 
A b 1 3  
A4-14 
Ab-15 
~ 4 - 1 6  
Ab-17 
A4-18 
Ab-19 
Ab-10 
A h - l l  

Ab-25 
A4-26 
Ab-27 
A4-28 
A4-29 
A4-30 

Ab-22 

~ S l J E J 3  OF FATIGUE TESTS ON AN-350 SCT 
BRAZSD LAP JOIPPTS: smean = 40 k s i  

Remarks: 

Test  
Temp 
OF 

80 
SO 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

%ax 

ks  i 

80.0 
80.0 
70.0 
70.0 
60.0 
100.0 
60.0 
50.0 
50.0 
80.0 
60.0 
50.0 

100.0 
80.0 
70.0 
45.0 
80.0 
60.0 
50.0 
60.0 

100.0 
100.0 

Cycles 
m 

xlc? 

30.0 
20.0 
27.0 
33.0 
43.0 
8.0 

32.0 
291.0 
430.0 
11.0 
23.0 
189.0 

4.0 
10.0 
17.0 

11,208.0 
7.0 

25.0 
4,501.0 

22.0 
3.0 
3.0 

Remarks 

(1) 

(1) 
(2) 110 f a i l u r e  

A l l  failures occurred i n  parent metal adjacent t o  the braze 
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TABU M 

RESTS FATIGUE TESTS ON AH-350 CRT 
BOLTED LAP JOIMT: SEean = 40 ksi (1) 

Spec. 
No 0 

A5-7 
A5 -3 
A5-9 
A5-10 
A5-U. 
A5-3.2 
A5-13 
A5-14 
~5-16  
A547 
~ 5 - 1 8  
A5-19 
~ 5 - 2 0  
~ 5 - 2 1  
~5-22  
A5-25 
~ 5 - 2 6  
A5-27 
~ 5 - 2 8  
A5-29 
A5-30 
A5-31 

Tes t  
Temp 

O F  

30 
80 
80 
30 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
803 
800 
800 

Remarks: 

(1) N e t  section stress 
(2) Mo failure 
(3) B o l t  failure 

24 

Cycles 
N 

X l O 3  

14.0 
8,3 03.0 

21.0 
0.3 
1.0 

42.0 
0.4 

221.0 
15.0 

101 923 0 
7.0 

16.0 

63.0 

89.0 

14.0 
18. o 
22.0 

4,362.0 

0.4 

0.4 
5.0 

5.0 

Remarks 



TABU X 

Spec. 
No 0 

Tu-2 
Turn3 
Tu-4 
" I T 4  . 
Tu-7 
TU-8 
Tu-9 
Tu-10 
Tu-11 
Tu-= 
TU-13 
TU-14 
W-15 
TU-16 
TU-17 
TU-18 
Tu-19 
Tu-20 
Tu-22 
TU-23 
TU-24 
TIT.-25 

Remarks: 

Test 
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

smax 

k s i  

(1) NO failure 
(2) Possible machine malfunction 

Cycles 
N 

xu? 

Remarks 

25 



TABU XI 

F3SULTS CIF FATIGUX TESTS CR Ti-8Al-Ub-lV TRIPLlIX ANPIEAI;ED 
NCTrCHED, Kt= 2.5: h e a n  = 25 k s i  (1) 

Spec. 
NO 

TN-1 
TN-2 
TN-3 
TNA 
m-5 
T N 4  
mJ-7 
TN-8 
TN-10 
TN-11 
TN-12 
TN-13 
TN-14 
TN-15 
TN-16 
TN-17 
TN-18 
TN-25 
m-19 
TN-20 
TN-21 
TN-22 
TN-23 
TN-24 
TN-26 

Remarks: 

Tes t  
Temp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 
So0 

(1) 

ks i 

100.0 
75.0 
75.0 
62.5 
50.0 
50.0 
loo. 0 
40.0 
50.0 
50.0 
50.0 
37.5 
75.0 
75.0 
37.5 
40.0 
87.5 
50.0 
50.0 
50.0 
75.0 
62.5 
62.5 
75.0 
50.0 

Cycles 
N 

xlo3 

1.5 
9.0 

10.0 
23.0 

124.0 
115 . 0 

2.0 
6,0g5.0 

31.0 
477.0 
37.0 

6,000.0 
5.0 
6.0 

6,221.0 
2,961.0 

3.0 
48.0 

431.0 
382 . 0 

3.0 
6.0 

14.0 
4.5 

549.0 

Remarks 

(1) N e t  section stress 
(2) No failure 
(3) cirip failure 



TABU X I 1  

RESULTS OF FATIGUE TESTS OH Ti-SAl-li6-1V TRIPLEX Al-D 
TRANSVERSE BUTT WELD: Smean = 25 ksi  

Spec . 
No . 

T1-7 
~ 1 - 8  
TI-9 
T1-10 
T1- l l  
T1-12 
T1-14 

T1-17 
~ 1 - 1 6  

~1-18 
~ 1 - 1 9  
T1-20 
T1-21 
T1-22 
T1-25 
~1-26  
TI.-27 
~ 1 - 2 8  
~ 1 - 2 9  
T1-30 
T1-33 

Remarks : 

Tes t  
Temp 

O F  

80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 
800 

~ m a x  

ks i 

50.0 
75.0 
87.5 
37.5 
75.0 
50.0 
87.5 
50.0 
75.0 
50.0 
87.5 
87.5 
75.0 
62.5 
75.0 
50.0 
75.0 
62.5 
87.5 
87.5 
62.5 

Cycles 
N 
xlo3 

255.0 
48.0 
37.0 

6,579 0 
274 . 0 
853 0 
25.0 

300.0 
67.0 

8,251.0 
3.0 
6.0 

30.0 
28.0 
20.0 

7,47700 
4.0 

37.0 
1.0 
1.0 

13.0 

Remarks 

(1) Failed i n  grips 
(2) No failure 
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LONGITUDINAL BUIT WELD: smean = 25 k s i  

Spec . 
NO 

E - 7  
~2-8 
~2-9 
T2-10 
T2-ll 
T2-12 
T2-13 
T2-16. 
T2-17 
~2-18 
T2-19 
T2-20 
T2-21 
T2-25 
~2-26 
~2-27 
~2-28 
T2-29 
"2-30 

Test 
Temp 
OF 

80 
80 
80 
80 

* 80 
80 
80 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

Remarks t 

(1) NO failure 

~ 

%lax 

ks i 

50.0 

50.0 
75.0 

75.0 
8'7.5 
37.5 
87.5 
50.0 
75.0 
50.0 
75.0 
37.5 
37.5 
50.0 
75.0 
50.0 
75.0 
37.5 
37.5 

Cycles 
N 

xlo3 

222 . 0 
23.0 

2,808.0 

5,666.0 
6.0 

101 . 0 
5.0 
60.0 
3.0 

6,515 . 0 
7,195.0 

35.0 
15.0 
104.0 
8.0 

6,53000 

32.0 
32.0 

7,201.0 

Remarks 

28 



TABU X I V  

RESULTS CIF FATIGUE TESTS Oi!J Ti-8A1-11 -1V T R I W  A N ” U E D  
NON-LOAD CARRYING SPUI’WELE: ?mean = 25 k s i  

Spec. 
No 

T3-7 
T3-8 
T3-9 
~3-10  
T3-11 
T3-12 
m-14 
T3-15 

T3-17 

T3-19 

~3-16  

T3-18 

T3-20 

T3-22 
T3-25 
T3-26 
T3-27 
~ 3 - 2 8  
T3-29 
T3-30 

~ 3 - 2 1  

Remarks: 

Test 
Temp 

O F  

80 
80 
80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

%lax 

ksi 

75.0 
50.0 
100.0 
50.0 
75.0 
37.5 
87.5 
87.5 
75.0 
75.0 
50.0 
50.0 
37.5 
75.0 
37.5 
75.0 
50.0 
37.5 
75.0 
50.0 
75.0 

Cycles 
N 

xlo9 

6.0 
107.0 

0.5 
127.0 
12.0 

575 0 
8.0 
5.0 
2.0 

38.0 
83.0 

163.0 
1.0 

49532.0 
8.0 

29.0 
39 491 0 

1.0 
32.0 
8.0 

(1) No failure 
(2) Failed i n  less than 200 cycles 



TABLE: XV 

RESULTS OF FATIGUE TESTS Cl!J Ti-8Al-Ub-lV TR1-X A"EAI;ED 
BOLTED LAP JOINT: Smean = 25 ks i  (1) 

Spec . 
NO 

T5-8 
T5- 
T5-9 
T5-10 
T5-ll  
T5-12 
T5 -16 
T5-17 
T5-18 
T5-19 
T5-20 
T5-21 
T5-25 
T5 -26 
T5-27 

T5-29 
T5-30 

~ 5 - 2 8  

Remarks: 

Tes t  
Temp 
OF 

80 
80 
80 
80 
80 
80 

550 
550 
550 
550 
550 
550 
800 
800 
800 
800 
800 
800 

smSx (1) 

ks i 

50.0 
75.0 
75.0 
50.0 
37.5 
37.5 
62.5 
62.5 
50.0 
50.0 
37.5 
37.5 
50.0 
62.5 
50.0 
37.5 
62.5 
37.5 

(1) N e t  section stress 

30 

Cycles 
N 
xl@ 

Remarks 

131.0 
1.0 
2.0 

104.0 
1,322 0 

990.0 
5.0 
4.0 

93.0 
9.0 

164.0 
430.0 
38.0 
1.0 

18.0 
59Og5.0 

2.0 
145 . 0 



TABLE XVI 

> 

f 
f l t  
- LoF** 

1.2 .6 0064 

1+1.0 .O0060 
I+ .a . 00526 e 

d 
d 
u *-*. 1+1 2 . 00O105 

l-r- ,4 . 4900 
1-r- .6 . e 7 3  
15 ,a 
1+1.0 
1k1.2 

al 
M 
d . OW31 

:E2@ 
i+ .8 .I20 
1k1.0 0195 

4J 1k1.2 .0040 
151.4 0011 
151.6 000027 

, d 151.8 .ma78 

u 

d 

f f 
500 f l t s  20,000 f l t s  

32.0 1280.0 
2.63 105 02 

30 12.0 
,0525 2.1 

245.0 9800.0 

1.155 46.2 
13.65 546.0 

155 6.18 . 030 1.20 

60.0 2400.0 
9.75 390. 0 
2.00 80.0 

55 22.0 
5.4 . 135 

039 1.56 

* Instantaneous Load Factor 



L.F. * 

1- .6 

1-LO 
1-1.2 
I+ .6 

1+LO 
1+1.2 

1- .a 

I+ .a 

1- .6 

1-1.0 
1-1.2 
1+ *4 
1+ 06 
1+ .a 
1+1.0 
1+1.2 
ls1.4 

1- .a 

1- .6 
1- .3 
1-1.0 
1-1 . 2 
1+ 04 
I+ .6 
1+ .8 
l+l.O 
1+1.2 
1-1-1.4 

f 
fit 
- 

0995 
00093 
00105 . 0015 
.625 . 0664 . 0074 . 00107 
.0543 . 0050 
-00628 
.000067 

369 . 0364 
m o o 4 0 4  
.oodc74 
.oooo69 

4.09 

-099 
00097 . 00114 
.000146 

. 626 . 0654 . 0074 . 00107 
000009 

6.1 

f 
500 f l t s  

49.7 
4.65 . 525 
0075 

312.5 
33.2 
3.7 . 535 
27.1 
2.5 

2,045.0 
184.5 
18.2 

. 314 
0335 

2*02 
0237 . 0345 

49.5 

. 57 
073 

4-85 

3.050.0 
313 0 
32.7 
3.7 . 535 . 045 

f 
20,000 f l t s  

1,990- 0 
186.0 
21.0 
3.0 

l-2,500*0 
1,328.0 
148.0 
21.4 

1,086.0 
100.0 
12.56 

81,800.0 
7, 380.0 
728.0 
80.9 
9.49 
1.38 

1.34 

1,980.0 
194 . 0 
22.8 

122,000.0 
l2,52O. 0 
1,308.0 
148.0 
21.4 

2.92 

1.8 

i e  Instantaneous Load Factor 
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P E 
VI 
I 4  
V 

TABU3 XVIII 

FINAL 500 FLIGH!T LWDING Sl'ECmUM (750 HOURS) 

MmimumW 
L.F. 

1.60 
1.30 
2.00 
2.20 
1.60 
1.130 
2.00 
2.20 

1.19 
1.36 
1.53 

1.87 
1.36 

1.87 

1.70 

1.53 
1.70 

2.04 

1.08 
1.20 
1.32 
1.44 
1.56 
0.84 
0.96 
1808 
1.20 

1.50 

L.F. (16)" 

1.00 
1.00 
1.00 
1.00 
1.03 
1.00 
1.00 
1.00 

0.85 
0.85 
0.85 
0.85 
0.85 

0.85 

0.85 
0.85 

0.85 

0.85 

0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 

0.60 
0.60 

1.00 

ITinimum * 
L.F . 
0.40 
0.20 
0.00 

-0.20 
0.60 
0.40 
0.20 
0.00 

0.51 
0.34 
0.17 
8.00 
-0.17 
0.51 
0.34 
0.17 
0.00 

-0 17 

0.12 
0.00 
-0.12 
-0.24 
-0.36 
0.36 
0.24 
0.24 
0.12 

-0.28 

"RT 
!ycles a t  
l o o m  Temp 

25 . 0725 
2.1375 

-1825 
.of338 

147 . 1775 
15.7775 
1.5003 
,0.2300 

15.606 
4.906 
1.291 

0.068 

156.251 

0.275 

1,525.00 

15 . 744 
1.819 

500.00 

550°F n 

Cycles a t  
550°F 

25.072 5 
2 . 1375 . 1825 

. 6 3 ?  
147 . 1775 

15 87775 
1.5002 
0.2300 

1,145.0 
23 . 106 
1 . 711 
0.231 

175 . 044 
17 . 644 
1.944 

0 . 0345 

0.03 

0.237 

15.607 

1.289 
4 . 907 

0.275 
0.068 

1,525.00 
156.251 

1.819 
15 743 

*Load Factors adjusted t o  take-off gross weight values. 
**GAG cycle varies between tax i  L.F. and the  maximum posi t ive 

L.F. which occurs m c e  per flight, 
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Smax 
p s i  

N 
ef. Fig. 21 

7 x 105 
2 x 105 
8 x I& 
5 x I& 

64,000 

80,000 
88,000 
64,000 
72, OOo 
80,000 
88,000 
64,000 

80,000 
m , m  

80,000 

60,000 

47,600 
54,400 
62 , 000 
68,oo 
74,800 
54,400 
62,000 
68,000 
74,800 
81,800 

72 9 0 0  

72, 000 

64,000 
72 j 000 

88,000 

n x 10- 
E 

35.80 
10.70 
2.28 
1.28 

0.29 
0.32 
0.36 
0.39 
0.29 
0.32 
0.36 
0.39 
0.32 
0.36 
0.40 
0.44 
0.32 
0.36 
0.40 
0.44 

0.28 

0.24 
0.27 
0.31 
0.34 

0.27 
0.31 
0.34 
0.37 
0.41 

0.37 

10s 
1.3 x 105 

1 3  

R 

147.18 
53.60 
15.00 

0.25 
0.11 
0.00 
0.091 
0.375 
0.222 
0.100 
0.00 
0.25 
0.11 
0.00 
0.091- 
0.375 
0.222 
0.100 
0.00 

0.19 

0.430 
0.250 
o.ll1 
0.00 
0.091 
0.375 
0.222 
0. loo 
0 . 0  
0.083 

6 x lo4 

2.6 104 

2.8 x 105 
6.6 x 10’1 

remp 
OF 

80 
80 
80 
80 
80 
80 
80 
80 
550 
550 
550 
550 
550 
550 
550 
550 

80 

550 
550 
550 
550 
550 
550 
550 
550 
550 
550 

3.83 
89 . 70 
32 . 40 
7.00 

n 

1.05 104 

a 10 
3.7 x 10. 

25 0725 
2 . 1375 . 1825 . 0638 

147 . 1775 
15.7775 
1.5003 
0.230 
25 0725 
2.1375 
.is25 
.637 

147 . 1775 
15 . 7775 
1 . 5002 
0.2300 

500.00 

L7145.00 
23,106 
1.711 
0.231 

175 . 044 
17.644 
1.944 

0. 030 

0.237 
0,035 

6.05 
147 . 18 
40.60 
197.00 

10s 

5.4 x 10 
10; 

3 x 104 

4 104 
2 104 

2.5 x 10; 
6.7 x 10 

0 
23 . 11 
17 . 11 
4.27 
1.00 
0 
700 50 
29.00 
5.92 
1.73 

C = 2954.84 

*Calculations based on Notched AM-350 st ructure ,  1% = 2,5, 1fZ ~ake-off 
stress = 40,000 psi. 
t o t a l  damage. 

Darnage incurred during descent < 1.55 of the  

L i f e  = 750 x le = 253,500 hours 
2954.84 
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( a )  ROOM TWERATURE 

" 0  0.2 0.4 0.6 0.8 1.0 

1.0 

0.8 

0.6 

0.4 

0.2 

0 o 0.2 0.4 0.6 0.8 1. 0 

LEGEND 

+ Test Points 

smean 
STU 
- 

............ ............ ............ ............ ............ ............ ............ Area Enclosing Spectrum Points for S = 40 k s i  
Area Enclosing Spectrum Points for S = 60 k s i  

lg 
Figure 19. Comparison of Base Line Data Points and Fatigue Spectrum 

Points (Notched AM-350 CRT, Kt=2.5) 

54 



Stress Ratio Stress Ratio 

_. z1.0 -0.5 0 1.0 , , - l o 0  -0.5 0 
I . U  

.8 

.6 

.2 

0 
0 .2 0 .2 .4 .6 -8 1.0 

'mean 
'TU 

'mean 
STU 

(a) Room Temperature (b) 550°F 
Stress Ratio 

0 - 2  .4 .6 .8 1.0 

(c) 800°F 

Figure 20. Modified Goodman Diagram, AM-350 CIIT: 
Unnotched IC+ =1 . 0 
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Stress Ratio Stress Ratio 

%ea, 
STU 
- 

0 l.o'l.o -0.5 0 

.8 

.6 

.2 

0 
0 0 .2 .4 -6 -8 1.0 

%ea, - 
sTu 

(a) Room Temperature (b) 550°F 
Stress Ratio 

0 -2 .4 .6 .8 1.0 

%ea, 

sTu 

( c )  W ° F  

Figure 21. Modified Goodman D i a g r a m ,  AM-350 CHT: 
Notched, K =2.5 t 
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1.0 

.8 

.6 

.4 

S,X - 
'TU 

Stress Ratio Stress Ratio 

t1.0 -0.5 0 0.5 1.0 - 
.O 

.8 

.6 

.2 

0 

1.0 -0.5 0 

.4 

.2 

0 
.4 .6 .8 1.0 0 .2 

Smean 
STU 
- 

(a) Room Temperature (b) 550'F 
Stress Ratio 

0 -1.0 -0.5 

0 e 2  .4 .6 .8 1.0 

( e )  800'F 

F i g u r e  22. Modified Goodman Diagram, AM-350 CIiT "As Welded" 
T r a n s v e r s e  Bu t t  Weld 
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1.0 

.8 

.6 

.4 
- 
STU 

.2 

0 

Stress  Ratio S t ress  Ratio 

1.0 -0.5 0 1.0 

%ax 
sTu 
- 

(a) Room Temperature 
S t ress  

-1.0 -0.5 0 0.5 1.0 
1.0 

.a 

.6 

.4 

.2 

0 
0 02 .4 .6 .8 1.0 

*Parent Metal Strength 

%ean 

sTu 

( C )  8O0F 

Figure 23. Modified Goodman D i a g r a m ,  AM-350 CHT "AS Welded" 
Longitudinal Butt Weld 



Stress Ratio Stress Ratio 

- z1.0 -0.5 0 1.0 , ,-LO -0.5 0 

0 

.8 

.6 
max S 

.2 

0 
0 .2 .4 .6 

'mean Smean 
STU 

Room Temperature (b) 550°F 
Stress Ratio 

-1.0 -0.5 0 0.5 1.0 

0 02 .4 .6 .8 1.0 

(c)  m°F * Parent Metal Strength 

.8 1.0 

Figure 24. Modified Goodman D i a g r a m ,  AM-350 CRT: 
Spotweld - Nmload C a r r y i n g  



Stress Ratio 

~ ,-LO -0.5 0 0.5 

0 

Stress Ratio 

.o , ,-LO -0.5 0 0.5 1.0 
.l.U 

.8 

.6 
s m x  - 
sTu .4 

.2 

0 
.4 .6 .8 1.0 0 .2 .4 .6 

%,an 
STU 

Room Temperature (b) 550'F 
Stress Ratio 

-1.0 -0.5 0 

0 02 .4 .6 .8 1.0 

( C )  W 0 F  
* Parent Metal Strength 

Figure 25. Modified Goodman Diagram, AM-350 SCT: 
Brazed Lap Joint  
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Figure 26. Modified Goodman Diagram, AM-350 CIIT: 
Bol ted Lap Joint 
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Figure 2'7. Modified Goodman Diagram, Ti-8Al-lMo-lV Triplex Annealed: 
Unnotched, Kt=l.O 
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Figure 30. Modified Goodman Diagram, Ti-8Al-lMo-lV Triplex Annealed: 
Longitudinal Butt Weld 
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Figure 32. Modified Goodman Diagram, Ti-8Al- lMo- lV Triplex Annealed: 
Bolted Lap Jo in t  
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